A Gram-stain-positive, rod-shaped, endospore-forming, aerobic bacterium, designated FJAT-27215 T , was isolated from grass soil collected from Wudalianchi in the Heilongjiang Province of China. Growth was observed at 10-60 C (optimum 30 C), in 0 and 3.0 % NaCl (optimum 0 %) and at pH 5.0-10.0 (optimum 7.0), respectively. The cell-wall peptidoglycan contained mesodiaminopimelic acid and the isoprenoid quinone was MK7. The main fatty acids were iso-C 15 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 , and iso-C 16 : 0 . The main polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidyl ethanolamine. Phylogenetic analysis based on 16S rRNA gene sequences affiliated strain FJAT-27215 T to the genus Bacillus. . Previously, a new species in the genus Halobacillus, Halobacillus andaensis, was isolated from saline and alkaline soil in the Anda county of the province [2] . During a survey of Bacillus resources in the Wudalianchi scenic area of the province, which is an area dormant volcanoes forming a series of five barrier lakes, two strains, FJAT-27215 T and FJAT-27231, could not be assigned to any of the known Bacillus species based on 16S rRNA gene analysis. The aim of the present study was to use a genomics-based polyphasic taxonomy [3] to determine the exact taxonomic status of this potential new species.
The genus Bacillus belongs to the domain Bacteria, phylum Firmicutes, class Bacilli, order Bacillales and family Bacillaceae. Bacillus is a rod-shaped, endospore-forming, facultatively aerobic and Gram-stain-positive bacteria [1] . At the time of writing, 323 species of the genus Bacillus are cited on the LPSN website (www.bacterio.net/bacillus.html), among which, 50 species came from China. However, none of the type strains have been reported in Heilongjiang Province, which is located in northern China between 43 26¢ N-53 33¢ N, 121 11¢ E-135 5¢ E covering an area of 47.3 km 2 . Previously, a new species in the genus Halobacillus, Halobacillus andaensis, was isolated from saline and alkaline soil in the Anda county of the province [2] . During a survey of Bacillus resources in the Wudalianchi scenic area of the province, which is an area dormant volcanoes forming a series of five barrier lakes, two strains, FJAT-27215 T and FJAT-27231, could not be assigned to any of the known Bacillus species based on 16S rRNA gene analysis. The aim of the present study was to use a genomics-based polyphasic taxonomy [3] to determine the exact taxonomic status of this potential new species.
Ten different growth temperatures (10, 15, 20, 25, C), between 0 and 3.0 % NaCl concentration (optimum 0 %) and pH in the range of 5.0-10.0 (optimum 7.0). Colony morphology was observed on Luria-Bertani (LB) medium after 24 h of aerobic incubation under optimal growth conditions. Gram staining and the KOH lysis test were carried out according to the methods described by Gregersen [4] and Smibert and Krieg [5] . Endospores were examined according to the Schaeffer-Fulton staining method [6] . Motility was examined on motility agar [7] . Catalase activity was determined by investigating bubble production with 3 % (v/v) H 2 O 2 , and oxidase activity was determined using 1 % (v/v) tetramethyl p-phenylenediamine. Cell growth under anaerobic conditions was determined in a CO 2 incubator on anaerobically prepared maintenance media. Other physiological and biochemical characteristics were confirmed using API 20E and API 50CH strips (bioM erieux, France) following the manufacturer's instructions.
Strains FJAT-27215
T and FJAT-27231 had similar characteristics with respect to their cellular and colonial morphology. The colonies of strains FJAT-27215 T and FJAT-27231 were circular, light white, smooth and 2-3 mm in diameter. The size of cells and presence of flagella were determined by transmission electron microscopy (Hitachi, Japan), with a length ranging from 1.2 to 2.5 µm and a diameter ranging from 0.7 to 0.8 µm (Fig. S1, Genomic DNA was extracted from a single colony of strain FJAT-27215 T grown on LB plates at 30 C for 24 h using the bacteria genomic DNA extraction kit (Shanghai Generay Biotech, PR China) according to the manufacturer's instructions. The 16S rRNA gene was amplified and sequenced using primers and conditions described previously [8] , and then the 16S rRNA gene sequence was submitted to the GenBank database. Pairwise sequence similarities were calculated using a global alignment algorithm implemented in the EzTaxon-e database (http://eztaxon-e.ezbiocloud.net/) [9] . After multiple alignments of data by using CLUSTAL X [10] , phylogenetic trees were constructed using the neighbour-joining [11] , minimum-evolution [12] and maximum-likelihood [13] methods implemented with MEGA version 6 [14] . For all the trees, gaps were treated as complete deletions, evolutionary distances were computed according to the Jukes-Cantor model [15] and the reliability of each branch was evaluated by bootstrap analysis based on 1000 replications [16] . The 16S rRNA gene sequences used for the phylogenetic comparisons were shown in the maximum-likelihood phylogenetic tree with their strain designations and accession numbers. The data of genome Table 1 . Differential phenotypic characteristics between strains FJAT-27215
T and FJAT-27231 and phylogenetically close Bacillus species
The reaction of urease was positive, but ONPG, H 2 S and indole production were negative. All strains could not produce acid from galactose, N-acetylglucosamine, turanose, D-lyxose, D-fucose, gluconate, fructose, methyl a-D-glucoside, arbutin, maltose, lactose, trehalose, raffinose and xylitol. All data were obtained from this study. +, Positive; -, negative; W, weak action. ND, no data. T (96.5 %). All other type strains shared less than 96.0 % 16S rRNA similarities. The phylogenetic position was also confirmed by trees generated using neighbour-joining ( Fig. S2 ) and minimum evolution (Fig. S3 ) methods.
To confirm the 16S rRNA result, a further complete analysis was performed using the concatenated sequence of core genes from the whole genome sequences of the new species expected with those of their closest relatives. The genome sequence of strain FJAT-27215 T has recently been sequenced by the company Majorbio (Shanghai, PR China) (Fig. S4) (Table 2) , respectively, which were lower than the cut-off value (96 %) previously proposed for the genus Bacillus [17, 18] .
Estimation of isDDH (in silico DDH) was performed using the Genome-to-Genome Distance Calculator (GGDC) [19, 20] . The partial genome files were uploaded to the GGDC 2.0 web interface (http://ggdc.dsmz.de/ggdc.php#) and Formula 2 was used as recommended for the calculation of isDDH for incomplete genomes. 
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Bacillus composti SgZ- of a novel species [21] . These results supported the view that strain FJAT-27215 T represents a novel species of the genus Bacillus.
In addition, the genome sequence of strain FJAT-27215 For measurement of chemotaxonomic characteristics, the menaquinone system was analysed as described by Collins et al. [22] using reverse-phase high-performance liquid chromatography (HPLC) [23] . The cell-wall peptidoglycan was isolated after disruption of the cells by shaking with glass beads and subsequent total hydrolysis (4 mol l À1 HCl, 100 C, 16 h). The amino acids and peptides in the hydrolysate were analysed by two-dimensional ascending thin-layer chromatography (TLC) on cellulose plates using previously described solvent systems [24] . Extraction and analysis of polar lipids by two-dimensional TLC was performed as described by Minnikin et al. [25] . For determination of cellular fatty acids, strains were harvested after cultivation on trypticase soy agar at 30 C for 48 h. The cellular fatty acids in the cell walls were extracted and analysed according to the standard protocol of the Microbial Identification System (MIDI) and tested by using gas chromatography (model 7890; Agilent) [26] .
The menaquinone profile of isolate FJAT-27215 T was MK-7. Analysis of the cell-wall peptidoglycan showed that the isolate contained meso-diaminopimelic acid as the diagnostic diamino acid, as is typical of the large majority of members of the genus Bacillus. The polar lipids detected were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidyl ethanolamine (PE), three unknown phospholipids and an unknown aminophospholipid (Fig. S5) . The cellular fatty acid profile of the strain comprised iso-C 15 : 0 (39.4 %), anteiso-C 15 : 0 (17.6 %), iso-C 16 : 0 (5.8 %) and anteiso-C 17 : 0 (6.9 %) as the major fatty acids (>5.0 %). The fatty acid profile of the strain was clearly qualitatively and quantitatively different from the closely related species (Table 4) . The iso-and anteiso-branched fatty acids of the 14-and 17-carbon series are typical profiles for the genus Bacillus [27] . Therefore, the phenotypic (morphology, biochemistry and chemotaxonomy) and genotypic (G+C content, 16S rRNA gene sequence and taxono-genomics (isDDH and ANI) properties of strain FJAT-27215 T support its classification as a novel species within the genus Bacillus, for which the name Bacillus wudalianchiensis sp. nov. is proposed.
DESCRIPTION OF BACILLUS WUDALIANCHIENSIS SP. NOV.
Bacillus wudalianchiensis (wu.da.li.an.chi.en¢sis. N.L. masc. adj. wudalianchiensis pertaining to Wudalianchi in Heilongjiang Province) Cells are aerobic Gram-positive, motile and rod-shaped bacterium with rounded ends. Cells range from 1.2 to 2.5 µm in 
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